One of the risk factors for the development of coronary heart disease is high low-density lipoprotein (LDL) cholesterol levels. National Cholesterol Education Program ATP III guidelines suggest drug therapy to be considered at LDLcholesterol levels >130 mg/dl. This makes accurate reporting of LDL cholesterol crucial in the management of Coronary heart disease. Estimation of LDL cholesterol by direct LDL method is accurate, but it is expensive. Hence, We compared Friedewald's calculated LDL values with direct LDL values. Aim: To evaluate the correlation of Friedewalds calculated LDL with direct LDL method. Materials and Methods: We compared LDL cholesterol measured by Friedewald's formula with direct LDL method in 248 samples between the age group of 20-70 years. Paired t-test was used to test the difference in LDL concentration obtained by a direct method and Friedewald's formula. The level of significance was taken as P < 0.05. Pearsons correlation formula was used to test the correlation between direct LDL values with Friedewald's formula. Results: There was no significant difference between the direct LDL values when compared to calculated LDL by Friedewalds formula (P = 0.140). Pearson correlation showed there exists good correlation between direct LDL versus Friedewalds formula (correlation coefficient = 0.98). The correlation between direct LDL versus Friedewalds calculated LDL was best at triglycerides values between 101 and 200 mg/dl. Conclusion: This study indicates calculated LDL by Friedewalds equation can be used instead of direct LDL in patients who cannot afford direct LDL method.
Introduction
One of the major risk factors for the development of coronary heart disease is high low-density lipoprotein (LDL) cholesterol. [1] [2] [3] [4] Reduction in LDL cholesterol levels decreases the risk of development of coronary heart disease. [5, 6] LDL is a lipoprotein made up of outer phospholipids, apolipoproteins, free cholesterol and inner triglycerides (TGs) and cholesterol ester. It carries cholesterol from the liver to the peripheral tissues. The apolipoprotein present in LDL is Apo B 100. [7] LDL fractionn has a hydrated density ranging from 1.006 to 1.063 kg/L. [8] β-quantification is the standard method for estimating LDL, which includes ultracentrifugation and chemical O r i g i n a l A r t i c l e This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com
precipitation. β-quantification requires ultracentrifuges and takes time, delaying the turnaround time and hence cannot be employed in day to day practice. Automated methods are available for direct LDL estimation which is expensive and requires significant time for analysis. [8, 9] Friedewald et al. came up with a formula for estimating LDL using total cholesterol, high-density lipoprotein (HDL) cholesterol and TGs. [10] According to Friedewalds formula, TGs divided by five gives the value of very-LDL (VLDL). TGs >400 mg/dl, disorders related to lipoproteins (Type III hyperlipoproteinemia) and secondary hyperlipoproteinemias are conditions wherein Friedewalds equation for calculating LDL cannot be employed since these conditions decrease the accuracy of Friedewalds equation in estimating LDL. [10] The accuracy and targets to be achieved regarding the analytical performance of LDL cholesterol were issued by National Cholesterol Education Program (NCEP) panel. As per NCEP guidelines, precision should be <4%, bias < 4% and total analytical error should be < 12%. [11] Falsely, low values of LDL cholesterol has been reported in conditions such as diabetes mellitus, advanced renal disease and liver failure due to elevated TGs in these conditions. [8, [12] [13] [14] In spite of these well-established limitations of Friedewalds equation in estimating LDL cholesterol, it remains to be widely employed. Many studies have been published questioning the accuracy of Friedewalds equation in measuring LDL cholesterol especially at levels of TGs above the normal range. [11, [15] [16] [17] [18] This study was taken up to study the accuracy of Friedewalds calculated LDL in comparison to direct LDL method.
Materials and Methods
The current study was a validation study. Assuming a paired mean difference of 12.39 ± 67.0 between the LDL measured by the direct and Friedewald method, the sample size required for the study was estimated to be 234 to achieve 80% power of the study and 5% significance level.
Inclusion criteria
Lipid profile was estimated in 248 samples which were estimated in venous blood drawn after 12 h of fasting between the age group of 20-70 years. The blood was collected in plain tubes centrifuged at 3000 rpm for 15 min. The serum liberated was analyzed for lipid profile.
Exclusion criteria
Patients with TGs more than 400 mg/dl, diabetes mellitus, advanced renal disease and patients with liver failure, patients receiving lipid-lowering drugs were excluded from the study. The period of the study was from February 2015 to June 2015.
The following tests were done in Cobas Integra 400 plus from Roche Diagnostics. The principle of the methods were total cholesterol -cholesterol oxidase-peroxidase method; TGs -enzymatic, colorimetric method (GPO/PAP) with glycerol phosphate oxidase and 4-aminophenazone; HDL-cholesterol -homogeneous enzymatic colorimetric assay; and direct LDL cholesterol -the homogeneous enzymatic colorimetric assay: This automated method for direct LDL-cholesterol estimation is based on micellar solubilization of LDL-cholesterol by a nonionic detergent and the interaction of a sugar compound and lipoproteins (VLDL and chylomicrons). Biorad internal and external controls were run for total cholesterol, TGs, HDL and LDL cholesterol. Friedewalds calculated LDL was calculated by the formula: LDL cholesterol = Total cholesterol − HDL cholesterol − TGs/5 (VLDL cholesterol).
Statistical analysis
Data were entered into Microsoft Office Excel 2007. Categorical data were reported as frequency and continuous data were reported as mean and standard deviation. Paired t-test was used to test the difference in LDL concentration obtained by the direct method and Friedewalds calculated method. The level of significance was taken as P < 0.05 and two-sided. Scatter plot was used to represent the correlation between the two methods.
Data were categorized into three groups based on the TG levels [ Table 1 ].
Results
The study group consisted of 248 patients, 151 were males and 97 were females. Table 2 indicates there was no statistical difference between direct LDL values and Friedewalds calculated LDL values (P = 0.140). Table 3 shows there is no statistical difference between direct LDL values and Friedewalds calculated LDL at different ranges of TGs, ≤ 200 mg/dl (P = 0.47), 201-300 mg/dl (P = 0.32) and 301-400 mg/dl (P = 0.22). Table 4 shows Pearson correlation which indicates good correlation between direct LDL and Friedewalds calculated LDL (correlation coefficient -0.98). Figure 1 indicates Scatter plot representing good correlation between direct LDL and Friedewalds calculated LDL with correlation coefficient of 0.98. Figure 2 indicates Scatter plot which indicates good correlation between direct LDL and Friedewalds calculated LDL at TGs < 200 mg/dl with a correlation coefficient of 0.982. Figure 3 indicates Scatter plot representing good correlation between direct LDL and Friedewalds calculated LDL at TGs 201-300 mg/dl with correlation coefficient of 0.964. Figure 4 indicates Scatter plot representing good correlation between direct LDL and Friedewalds calculated LDL at TGs 301-400 mg/dl with correlation coefficient of 0.968.
Person correlation showed that there exists good correlation between direct LDL versus Friedewalds formula (correlation coefficient = 0.98) [ Table 4 ].
Discussion
The primary target for diagnosis and management of hypercholesterolemia is LDL cholesterol as per NCEP Adult Treatment Panel report. [19] Hence, accurate reporting of LDL cholesterol is utmost important. In this study, there was no significant difference between the overall mean of direct LDL cholesterol with that of Friedewalds calculated LDL cholesterol [ Table 2 ]. There was no significant difference between direct LDL and Friedewalds LDL at different TG levels ranging below 200 mg/dl, 201-300 mg/dl, and 301-400 mg/dl [ Table 3 ]. Sudha et al. observed that Friedewalds calculated LDL were lower when compared to direct LDL with TG more than 180 mg/dl. [18] Boshtam et al. observed in their study that Friedewalds method overestimated LDL cholesterol by 7 mg/dl when compared to direct LDL method. [15] Kapoor R [26] In this study, we observed a similar finding since the LDL cholesterol calculated by Friedewalds formula correlated well with direct LDL at TGs below 400 mg/dl [ Figures 1-4 ]. Choi et al. observed that direct LDL values were 5% higher than calculated LDL and in diabetics, the difference was much higher. [27] Sudha et al.
observed Friedewalds calculated LDL method underestimated LDL levels in comparison to direct method and they concluded that direct LDL method is better than Friedewalds calculated LDL in diabetics. [28] Chatterjee and Mendez observed there was a good correlation between Friedewalds calculated LDL and direct LDL method which is in agreement with the findings of the present study. [29] Lindsey et al. observed Friedewalds calculated LDL underestimated LDL levels by 20 mg/dl when compared to direct LDL method. [30] Kaur observed there was no significant difference between the LDL values measured by direct LDL method and Friedewalds calculated method in patients with metabolic syndrome. [31] Friedewalds calculated LDL cannot be employed in individuals with TG value more than 400 mg/dl. or removal of LDL cholesterol due to the detergent used in direct method. [43] The sample size of this study was only 248 which is the limitation of the present study.
Conclusion
Friedewalds Formula can be used to estimate LDL cholesterol, and direct LDL should be employed only in those cases wherein Friedewalds formula cannot be used like nonfasting samples, patients with TGs more than 400 mg/dl, disorders related to lipoproteins (Type III hyperlipoproteinemia) and secondary hyperlipoproteinemias.
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